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Description 



The present invention ralatea to a process for the co] 
mixture. More partlcufarty. the present rnventjon related 
to l^enssene. 

From the Indueirfal viewpoint, p-xylene|s now the 
prepared from a aromatic hydrocarbon rnixture at)l 
extraction and fractional dtstilletion or from a Cg aromat| 
gasoKne obtained as a by-product from ttiemrial crackii 
tiHatlon. Although the composition of thfa starting Ca ai 
the mfxture generally comprises 10 to 40% by weight o| 
50% by weight of m-xylene and 12 to 25% by weight of 
ponente of the Ca aromatic hydrocarbon mixture are asl 



^ gjon of ethylbenzene in a Cg aromatic hydrocarbon 
process for the hydrodeethylatlon of ethytban^ene 

at important of xylene Isomers. p-Xylene Is generally 
iQf by subjecting naphtha to reforming and aromatic 
h) cjrocarbon mixtiire obtained by subjecting cracked 
naphtha to aromatic Bxbacb'an and fractional dle- 
:Ic hydrocarbon mixture varies over a wide range, 
Jtt^yibenzene, 12 to 25% by weight of p-xyione, 30 to 
ne. TTie physical properties of the respective com- 

ll<i)ws. 



.1 



K^hylbenzene 
p*XyXene 
D-Xylene 
o-XyXe&e 



-94.4 



-47. A 



^28.0 



In the Industrial process for the preparation of p^xyl 
mixture Is first fed to the p-xylene-separating step, wher) 
harelnbefiue, the tniltng point of p-xylene Is very dose ti 
by diatlllatfion is industrlaUy disadvantageous. Accordim 
mtion process utilizing the difference In melting pQmt,ori 
selectively adsorbed In a pomus solid adsorbant The n 
p-xylene content has been reduced by the p^xylene-sei 
erzzatbn is carried out so that a p-xyleno concentrati^ 
equilibrium composition is attained. Then, the Isomerizi 
together w^th a fresh starting Cq aromatic hydrocarbon 
mentioned p-xylene-separatJng step and xylene-lsom 
hereinafter. If circumstances ao require, o-xylene Is si 

As pointed out hereinbeforep a oonsldarable amounj 
rocarbon mbcture. Accondingly, to prevent an accumul; 
cycle, ethylbenzene is removed and ethylbenzene in 
In the aeparatlon-teomerization cyole. 

As the amount of ethylbenzene cfrculated In the aep] 
cufated liquid fs reduced and the energy consumption n 
lene-rsomerizino step Is reduced, and thus a great ecom 
to conventional technlquesjt Is difficult to reduce the amc 
erization cycle by an inexpensive method, to an extent 
as substantially zero. 

According to the method customarily adopted for r^ 
ethylbenzene-converting activily is used in the jsomerlz] 
or a substance that can be easily separated from xylem 
in which ethylbenzene is converted to xylene by a dual-ft 
(U.S. PatentNo. 3,409,699). (2) a method In which ethyl 
by transall^ation (U.S. Patent No. 3»&5B,a71 and U.S. R 
benzene Is converted lo benzene by de-ethylatlon {Cur< 
and (2), In view of the reaction prf ncfplOp it is difficult to lq| 
method (3), in view of the reaction principle, it is possibi 
if the conversion of ethylbenzene can be practically tncra; 
ins ethylbenzene in the separation-isomerization cycle i: 



136.2 
136. A 
139 



142 



Ini| in general, the starting aromatiD hydrocartwn 
^1 lytene la aeparaled and recovered* As painted out 
boiling point of m-xylane, and therefore separation 
e ^paration is accomplished by a deepfreeze sepa- 
\ jdsorptive separation process In which p-xylene is 
\ |ilng Cg aromatic hydrocarbon mlxtura,irb which the 
ng step,isfed to an Isomerlzing step, where isom- 
er irresponding substantially to the thermodynamic 
" ixture Is reoyded to the p-xylene-seperatfng step 
ire. The circulation system comprising the above- 
iHjg step is called "separation-isomerization cyde" 
jied and recovered by dtsdilatlon. 
pthylbenzena is contained In the aromatic hyd^ 
of ethylbenxene in the separation-isomerizatlon 
)unt determined by the removal ratio fs circulated 

on-isomerrzation cycle is small, the amount of dr- 
|| )d at each of the p-xylene-separating step and xy- 
' advantage Is obtained. Nevertheless, according 
qf ethylbenzene dreulated in the sBparation-lsonrv 
) that the ethylbenzane oonter^ can be regarded 

OA fn9 ethylbenzene, en isomerizing catalyst having 
3 ^ tap whereby ethylbenzene is converted to xylene 
1^ ir example, there can be menb'oned (1) a method 
onal catalyst comprising platinum and a soHd acid 
pne is converted to benzene end diethylbenzene 
\\ No. 4.120,908), and (3) a method fn which athyi- 
n Patent No. 138,617). According to methods (1) 
ir^Bse the conversioh of Bthylt>anzene. According to 
crease Ihe convBislon of ethylbenzene. but even 
if the conventional flowfor converting and remov- 
j^i )d, since ethylbenzene fs contained in a relatively 
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large gmount In the starting Cg aromaHc hydrocarbon mij 
the p-xylerid-aeparating etep is limited^ and It Is difficult 
in tha liquid circulated In the separatiDn-ifiomGrlzation 

As one feasible Sdlectfon. U.S. Patent No. 4,159,282 
5 zene contained In the starting Ca aromatic hydrocarbon 
an Independent reaction vessel before thd starting Ce ar 
bomerization cycle, but no spedfic exampfe Is shown tr 
characterized in that a crystanine aiuminaailicate zeolii 
cUlca/^lunrilna ratio of at least 12 not only i^merms xyl 
10 aver, in ail of the specific examples, the highest converBj 

NBTnaiy» eCCOitlind tO the conventional techniques, 
increase the conversion of ethylhanzene, or even where] 
zens in vvM of Ihe reaction principle, an Incraaae of 
Increase of the loss of xylenOp and as the conversion of 
13 drasticaliy increased, with the result that the increase o1 
xylene cannot be attained. 

In accordance with the present Invention, ttiera Is pi 
in a Ca aromatic hydrocarbon mixture, which comprfaea 
ethylbenzene and xylene In the presence of hydrogen li 
20 by weight of rtienium. 100 parts by weight of an add typi 
lO-nwmbered oxygen ring and 100 to 900 parts by weigj 
a aulfiding oreatment. to effect hydrodaethylatlon of ethyl 

Any Ca aromatic hydrocarbon tnUtum containing eth; 
terial in the present Invention^ without limitation, but si 
26 a Ob aromatic hydrocart>cn mbcture obtained by reformlnj 
tfllatton and a Ca aromatic hydrocarbon mixture obtained 
duct from thermal cracKino cf naphtha to aromatic extr 
aromatic hydrocarbon mtxtura may contain small amoi 
through Cg non-aromatic hydrocarbons in addition to Cs 
30 pounds other than Ca aromatic hydrocarlaona is ordinarily 
hydrocarbons. 

In the present Invention, a catalyst comprising rhenf 
composed of a 1D-membered oxygen ring and alumina, 
Is used. 

36 The catalyst used in the pnasent rnventlon comprise] 
10-membered oxygen dng. Aa Is weli-toiown. the zeolite 
lahedra and AIO4 tstrahedra arranged at an Q/(Si + Al) 
Al is Isomorphically substituted with other metal), and a ni 
Is nautrallzed by a cation such as a metal ion. Present in 

^ size, which communicate with the outside, and the shape] 
Hcularcrystainne aluminosillcate zeolite. In a zeolite ha^ 
oxygen ring, the diffusion of ethyiioanzene irrto the main; 
tricted, and In a caialyst having a main cavity Inlet com ' 
easOy diffuses ineo the main cavity, but transallcylation 

46 xylene Increases, Accofdingly, those Zeolites are not pre] 
posed of a 1 0-membered oxygen ring, which Is used in 
iSloJIte. fenrledte. ZSM-5« ZSM-11. Zeta 3 disclosed In G* 
pentasa type zeolite disclosed in U.S. patent No. 4,511 . 
In U.S. Patent No. 4»51 1 ,547 are especially prefen^ed. Pr^ 

^ 15, especially at least 35. 

In the prase nt invention, an acid type zeolite is usi 
proton or a divalent or polyvalent cation such as a rare ea 
able cation. In gener^, the acid ^pe can be obtained by 
zjBoirte having a monovalent alkali nr^tal ion such as ao( 

66 or by exchanging at least a part of an alkali metal ion wl 
proton by calcining the zeolite. 

In the catalyst used in the present invention, alumln^ 
cavity inlet composed of a 10-membered oxygen ring. A|||y 



I, reduction of the ethylbenzene concentration in 
asticaliy reduce (he ethylbenzene concentidtion 

[4 Ipses a method in which the majority of ethyiben- 
re is converted t^y using a zeolite as a catalyst In 
yc hydrocarbon mixture is fed to the separation- 
jp. The invention disclosed in this U$. patent \& 
iving a oystal size of at least 1 micron and a 
pt aleo sejectivQly converts ethyibeitzene. How- 
f ethylbenzene is only 43.5%. 
!pw of the reaction principle. It fe imposstbla to 
is no upper limit to the conveisloR of ethylben- 
mversion of etitylbdnzene tends to rasUfc hi an 
enzene appraaches 10D%, the loss of xylene is 
conversion of ethylbenzene with a small loss of 



a process for the conversion of etbytbenzene 
g a Cft aromatic hydrocartion mixture containing 
itact with a catalyst comprising 0.6 to 20.0 parts 
olite tiaving a main cavity inlet composed of a 
nlumlna, said catalyst having been subJedBd to 
;0ne to benzene, 
ehzene and xylene can be used as the starting ma- 
q Tiaterials for the production of p-xylene, such bs 
\t )htha and aromatic extraction and fractional dis- 
1 objecting cracked gasoline obtained as a by^pro- 
\ and fractionation, are preferably used* The 
of O7 and C9 aromatic hydrocartxins and/or Of 
jrrj itic hydrocarbons. The total content of these conv 
I i^r than i 0% by weight based on the C8 aromatic 

rJj an acid type of zeolite having a main cavity Inlet 
I has been stitjected to a sulfurtzactian traatn^nl; 

aj I zeolite having a main cavity inlet campoaed cf a 
as the substrate, a skeleton compri^ng tet- 
mo ratio of 2 (Jnchisn^e of a akeleton in which SI or 
1^ ve charge structurally generated by ttiia skeleton 
tc skeleton are caviUes (por^) having a moiecular 
r)c size of the cavities vary depending upon the par- 
igjlp main cavity Net composed of an d-membered 
Ity where a catalytic active site Is preeent Is re&* 
d of a l2-memb6r8d oxygen ring, ethylbenzene 
a 8ide reaction becomes vigorous and the toss of 
^d. As tile catalyst having a main cavHy inlet cony 
It invention, there can be mentioned dlnop- 
|n Laid-open Specification No. 2,548,696» and a 
he ZSM-5 and the pentasil type zeolite disdosad 
ly. SiOs/AI^Oj molar ratio of the zeolite Is at least 
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3 : pmblned with the add type zeolite having a main 
I jlMmina customarily used as the starting material 



Is well-known, the acid type zeolite contains a 
ilemeni ion as at least a part of the ion-exchange- 
langing at least a part of an alkali metal ion of a 
with a proton or a divalent or polyvalent cation. 
) ammonium cation which can be converted to a 
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Of catalysts* such as x-aluminat ii-ajumina, y^alumlna an| 
Invention. Of coursdi alumina hydrates that can he coi 
blalitd and bodhmitd. can b& u&dd as tha alumina ma 
parts by weight per 100 parts by weight of thd ^Keollta 

5 weighty an undesirable side reaction beoomes serious a] 
weight, the catalytic activity per unrt weight of the cataJyj 
of tha catalyst 

The catalyst used fn the present Invention further co| 
tho equilibrium by hydrogenating ethylene, fomied by 

10 increasing the conversion of ethyibenzene- As the catal: 
be mentioned metal elements of the group VI such 
such aa nickel and platinum, but these metal elemen] 
ethylene or they simultaneously cause hydrogenalion 
Invention, rhenium is used In an amount of 0.6 to 20.0 

IB the zedtte. If the amount of rhenium (a smaller than 0.6 
ethylating ethylbenzene Is reduced and the losa of xyle| 
of rhenium Is larger than 20.0 parts by weight, aide nsai 
cue. 

In the present invention, preferably the respectlvj 
20 unifonnly dispersed in the catatysL In general, powders 
and molded into a catalysL Known molding methods sue] 
Hng mokirng can be adopted for the molding. If neceaaaj 
at the Rwldtng step. The amotmt of the binder Fs up to 
on the aum of the 2»cilitB and alumina. If alumina la ui 
2S alumina Intended to be used as the binder must be adj 
weight of the ateollta 

Rhenium can t>e supported an the catalyst by a 
exchansie method, or a mlxfng method. In view of the di 
gnation method is prefer^te. The Impregnatton is acci 
so alunnlna in contact with an aqueous eolutEon of a water- 
ammonium pevThenate or oonvartrng the rhenium comp| 
The catalyst used in the present Invention Is subjecjj 
hydrode-ethyiatlon of ethyl benzene. By this sutfldlng tr< 
capat)le of converting rhenium to a sulfide can be adopt 
has been supported, the sulfurizatlon tmacment Is carrie> 
lure to 500<^, pn^etably 100 to 450°C. The time of thi 
as the treatment la conducted after the rhenium has bei 
be carried out In a reaction vessel Just before the hydn 
for activation in air. Note» in this sujfiding treatment. 
Increased and the loss of xylene due to side reaction Is 
in the present invention, the reaction is canried out 
amount of 0.2 to 20 moles, preferably 1 to 10 moles, pi 
The reaction of hydrodeethyletion of ethylbenzane 
under conditions similar to those ordinarily adopted for th{ 
4S rocsrbon. More specifically, the reacHon can be carried; 
fci 4aO'»C, a pressure of aS to 25 kg/crri*, preferably 3 Ij 
hM, preferably 2 to 20 hr\ 

According to the praoeas of the present Invention, et| 
be converted to benzene at a converston of at least 9 
50 conditional the conversion can be elevated id 95% or hi 
from the aromatic hydrocarbon mixture. 

An embodiment ta the process for the preparation q 
be deacrbed with reference to the acccmpanying drawi 
A atarting an:irnatic hydmcarfcion mixture Is fed tf* 
^ zene-^Je-ethylatlng raaotiir2 loaded with a hydrodeethylj 
rodeethylated to t»enzene. The reaction product Is aubs 
cotumn 3, where hydrocarbons having up to 7 carbon 
lation product comprising aromatic hydrocarbons havii 



I |iumlna, can be used as the alumina in the present 
md to alumina by heat treatment, such as gibbslte, 
^1. The alumina fs used In an amount of 100 to 1300 
amount of alumina Is smaller than 100 parts by 
^ \ fhe amount of alumina is lariger than 900 parts by 
reduced. Alumina may be contained as the binder 



1 1 pes rheniura Rhenium is Indispensable for shifting 
hylation of ethylbenzene, to ethano. and thereby 
I fmponent havino analogous function* there can 
islybdenum, and metal elements of the group VIII, 
'S not have sufTiciant capacity for hydnogenaflng 
aromatic ring. In the cataTyetused in the present 
as the rhenium atom per 100 parts by weight of 
|by weight, the activity of the catalyst for hydrcde- 
slde reaction reSath^ety Increased. If the amount 
1^ rhenium, such as hydrocracfclng, becomes seri- 



ponents of rhenium, zeolite arkd alumina are 
zeolite and alumina are intimately mixed together 
laxtnision molding, compression molding, and rol- 
|)lnder such as alumina sol or day can be added 
ly weight, preferably up to 20% by welghti based 
|& the binder, the amount of alumina inclusive of 
(j to 100 to 900 parts by weight per 100 parts 



method such as an impregnation method, an ion 
^sibiiity of rhenium and operation ease, the Impre- 
ihed by placing a molded body of the zealitB and 
\\l ^6 rhenium compound such as penrhenio acid or 
r I to rhenium In the molding step. 
I > a suHidlng treatment before being apptied to the 
ijnt, rhenium is changed to a sulfide. Any method 
rthe sultiding treatment In general, after rhenium 
In a current of hydrogen sulfide at room tempera- 
Iding treatment is not particularly critical, so long 
p ported. For example, the sulfiding treatment can 
hylation of ethylben^ene or befbne the calcination 
^hytben2ene-CDnvertir>d acthnty of the catalyst is 
[eased, 

e presence of hydrogen. Hydrogen is used in an 
le of the C8 aromatic hydrocarbon mixture, 
ding to the present Invention can be csnied out 
s-phase conversion reaction of a Ca aromatic hyc^ 
^t a temperature of 300 to 530°C, pTsferabty 350 
|cg/crn^, and a weight space velaclty of 0,2 to 30 



anzene In a aromatic hydrocarbon mixture can 
oraover, by appropriately selecting the reaction 
and ethylbenzene can be substantially removed 

yjene aocordlng to the present Invention will now 

h a line 1 together with hydrogen to an athytben- 
patalysti and the majority of ethylbenzene Is hyd- 
Jly free of ethylbenzene and |s fed to a distillation 
|are separated through a line 4. The hydrodeethy- 
ast 6 carbon atoms is fbd to a diatillation cotumn 
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Cfl naphinene paraffin : 
Cb naphthene paraffin : 
tolueno : 
ethylbenzene : 
xytena : 

Example 2 



0.03% by weight 
0.06% by waight 
1.00% by%vel9ht 
16.65% by weight 
82.26% by weight 
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6 thrat4oh a S to^ethar with a xylene teomerlzatlon 
least 8 cart>on atoms, and aromatic hydrocarbons having] 
9. Then, the residual aromatic hydracarbon mbcture is 
present Invent^oni any method adopted for ths usual Endi 
tallizatlon method and Ihe sbaorptiva separation method, 
CGS8 of the present invention Is especially effective 
separation of p-xy1ene from ethyl benzene ts difficuTL p-Xy 
lie hydrocarbon mbcture havine e reduced p-xylene contej 
that a p-xylena concentration close to the thenmodynan] 
used in tho ordinary p^ylene production process can be ^ 
of the present invention, the ethylbenzena concentFatlon i 
c^de Is controlled to a veiy law level and a substantial oi^ 
lene-'tsomerizlng dtep. Theretbre. the process of the presi 
cess In which an Increaaa of the converston of dthylberdi 
the liquid phase tecmerlzatlon reaction process. The Iiqulc|| 
erized In the xylena-lsomerizlng reactor 1 2 to a p-kylsne 
composition Is fad to a distillation column 13» hydrocarboi 
a line 14. and aromatic hydrocarbons having at least 8 cai 
tlon product, are recycled to the distillation column 6 thr< 

M la apparent from the fore^ing embodiment, the 
easily In combination with the ordinary process for the 

The present Invention will be now described !n delallj 

Example 1 

According to the teaching of U.S. Patent tslo. 4,5-| 
SIOa/Al203 molar ratio of 46.4 was synthesized from an aq| 
aluminate, sodium hydroxide, tartaric acid and water. Ti| 
powder was kneaded together with 40 parts by weight of | 
of alumina sol as the binder and the kneaded mixture w| 
calcined In air at 500*'C for 2 hours. The molded body \ 
aqueous solution containing ammonium chloride In an aj| 
of thezeolite (soltd-liquld ratio of 2.0 ^g, sboutdO^'C). wae| 
and immersed in an aqueous solution containing rhenlun 
atom per 100 parts by weight of the zeolite (solld-llqutd rad 
Ing. the Impregnated molded body was dried at 12D°c for| 
current at 250°C fbr 2 hours, and calcined m air at SQO°>k 
contained 2.5 parts by weight of rhenium and 475 parts || 
zeolite. 

A starting Ca aromatic hydrocarbon mixture obtained|| 
tion apparatus and performing aromatic extraotion and fra|| 
by using the catalyst A. Tha reaction conditions and re 
hydrocarbon mixture used for hyc^rodB^hyl^^^') the| 



d ict comprising aromatic hydrocarbons having at 
|t||ast d carbon atoms are separated through a line 
a p-xylene separator 10 through a line 8. In the 
[{ p^xylonB production process, such as the cryS' 
adopted for the p-xylene-separatfon. The pro- 
adsorptive separation method. In which the 
Is recovered through a line 11 and the Cs aroma- 
somerlzed In axy(ene-isomerizIn$ reactor 12 so 
uPibrium composition ts obtained. Any method 
ed for the tsomerizatlon of xylene. In the process 
» liquid ciroulatfid in the separafkin-iaomerlzatlon 
Blon of ethylbenzene is not naceasary at the xy- 
jt tpventlon Is especlaily preferably applied to a pro- 
Is difficult In view of the principle* for exampta, 
eriaation reaction product which has tseen isom- 
Hqcjbntratlon dose to the thennodynamic equint>rluin 
|h| vin g up to 7 carbon atoms are separated through 
atoms, contained in the liquid isomerfzatlon reao- 
9 line 15. 

pss of the present invention can be carried out 
i^Ion of p-xylene. 

reference to the following examples. 



[7. a powdery pentasH type zeolite having an 
8 mbcture comprising hydrous siticic acid pSodtum 
-joo parts by weight of this pentasll type zeolite 
ary y-Qltimlna and 76 parts t>y weight, as Al^Os. 

ision-molded to a size of 14 to 24 mesh and 
ubjected to a one-time ion exchange using an 
It of 11 parts by weight per 100 parts by weight 
horcughiy with water, dried at120^Cfar15 hours 
[j Ja (VII) in an amount of 2.5 parts as the rhenium 
1 .2 E^kg, room temperahire, 4 hours). After drain- 
purs, subjected tosulflding in a hydrogen sulfide 
r 2 hours to obtain a catalyst A. This catalyst A 
ight of alumina per 100 parts by weight of the 

ifbrming naphtha in a fixed bed circulation reac- 
1^1 distillation was subjected to hydrodeathylaiion 
are shown in Table 1. The starting aromatic 
ivlng composition. 



A mixture formed by kneading 100 parts by wefejht ofl 
molar ratio of 46.4, prepared In the same manner as des(| 
dery r-alumlna and 60 parts by weight, as AI2O3, of ait 
of 14 to 24 mesh and caJcined In air at 5C»»C for 2 houn 
exchange using an aqueous solution containing ammori 
parts by weight and 5 parts by weight respectively, per j 



|j|wdeTy pentasll type zeolite having an Sip^/AbQa 
in Example 1, with 300 parts by weight of pow» 
I bp! as the binder was extrusion-molded to a size 
I'jlji e molded body was subjected to a one-time Ion 
\ chloride and caldum chloride in amounts of 11 
sarts tiy weight of the zeolite (soltd-liquid ratio of 
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2.0 ISfKg, about 90*'C)p washed thoroughly wtth water, di 
solution containing rhenium oxide In an amount of 2.i 
tha zeolHB (solId-irquFd ratio of 1.2 &k0, room tempen 
body was dried at 1 20°C for 5 hours, subjaoted to sulfi 
s 9nd calcined in ah- ^t socc for 2 hours to obtain a ca] 
rhenfuin and 360 parts by weight of alumina perlOO pj 
Using the so-obtained catalyst 6 » tha raaction was 
1. The reaction oondHlons and results are shown In Ti 

10 ExamplB 3 



According to the teaching of US. Patent No. 4.151 , 
ratio of 70.0 wae aynthesizedfrom an aqueous mixture 
lamlne, suKurEo acid and water. Then, 100 parts by 
kneaded with 150 parts by weight of Y-alumlna and 3 
and tha kneadad mixture was extrusion-molded to a s 
houra. The molded body was subjected to a one-timE 
ammonrum chloride In an amount of 11 parte by weight, 
of 2.0 about 90°C). washed sufficiently with water, d 
solution containing rhenium oxide (VIII) In an amount of 
(soUd-liquid ratio of 1.2 &kg. room temperature, 4 hour^}, 
at 120°Cfor 15 hours, subjected to a eulfurfzation tre^i 
and calcined in air at 500"C fbr 2 hours to obtain a cai 
by weight of rhenium and 1 88 parts by weight of alumli 

Using the catalyst C. the reaction was oanied out In 
fion cDndltions and results are shown in Table 1. 



15 



20 



35 



40 



4S 



ss 



Bt 120'*Cfor 15 hours, and Immersed In an aqueous 
I ^ as the rhenhjm atom per 100 parts by we^ht of 
;4 houra). After draining, the Impregnated molded 
jn a hydrogen sulfide cun'ent at 250°C fbr 2 hours. 
|^k| B. This catalyst contained 2.8 parts by weight of 

(jy weight of the zedlita. 
njlpd out In tha same mann er as descdbed In Example 



powdery zeolite ZSM-5 having an 8IO2/AI2Q3 molar 
fhprlsing sodium silicate, aluminum sulfate^ n-propy- 
||^ 1 1^ of the so-obtained powdery zeolite ZSM-5 was 
16 1^ by weight as AljOa of alumina sol as the binder 
[ |f 14 to 24 mesh and calcined In air at 500"C for 2 
iqi exchange using an aqueous solution containing 
j^lj "1 00 parte by weight of the zeolite (soIid-(lqu|d ratVi 
at 120^C for 15 hours and Immersed In an aqueous 
m id i^rts by weight per 100 parts by weight of the zealite 
»f l^f^drainlngpttie Impregnatad molded body was diled 
[ei[| ;;ln a hydixigen sulflde cun^nt at 250*^ for 2 hours 
p. The so-obtained catalyst C contained 1.8 parts 
ir 100 parts by weight of the 2:eollte. 
rame manneraa described in Example I.The neao- 



ComparatniB Example 1 

A molded body comprising a pentaeil type zeolite \\ 
prepared in the eame manner as dascrlbed in Example 
using an aqueouaeoiuCion containing 11 parts by weigh' 
chloride per 100 parts by weight of the zeolite (solid-tii 
with water, dried at 120*C for 15 houre and immefsed 
amount of 4,0 parts by weight per 100 parts by weight qj 
ture, 4 hours). After draining, the impregnated molded 
air at GOO^C for 2 hours to obtain a catalyst p containln' 

Using this catalyst the reaction was carried out 
reaction conditions and results are shown in Table 1. a| 
case of the catalyst containing nickel. 

ComparativB Example 2 

A catalyst E was prepared in the same manner as 
used. By using this catalyst E, the reaction was carrlec 
The rsactloxi oonditlone and results are shown in Tabli 

Ck»npafati\B Exampla 3 

Acatalyat F was prepared In the same manner as dej 
was not canlad cut Using this catalyst the reaction] 
Example 1« The reaction conditions and results are ehi 

GomparatlvB Example 4 

A catalyst G was prapared In the same manner as d] 
having an SiO^/Ats^o molar laUo of 10 having a main 
was used Instead of the pentasil type zeolite, 

6 



j ' g an SIOJM^ molar ratio of 46.4 and 7-alum!na, 
IS subjected to a ono-tlma Ion exchange treatment 
monlum chlorkle and 5 parts by weight of calcium 
ratio of 2.0 Okg, about 90^*0), washed thoroughly 
[n aqueous aojutlun containing nickel nRrate in an 
zeolite (solld-liqukl ratio of 1^ £^g, room tempera^ 
was dried at 120'C for 15 hours and caldned In 
;|cel Instead of rhenium. 

le same manner as described In Example 1. The 
QfiNn in Table 1. the loss of xylene was large In the 



i [rit>ed in Example 2 except that y-alumlna was not 
!ln the same manner as described in Example 1. 



ed in Example 2 except that the sulfldlngtreatiTient 
i|canied out In the same manner as described In 
q Table 1^ 



If^ed In Example 2 except that synthetic momilenlta 
Inlet composed of a 12-memt3erBd oxygen ring 
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U€[ng this catalyst G, the roactinn cdm'ed out 
reaction conditions and results are shown In Table 1. Th( 
loss of xylene relative to the conversion of ethytbenzene] 

5 Comparatlva Example 5 



A catalyst H having a high alumina content was prei 
except that the amount of powdery -j^alumma was chang] 

Using this catalyst H» the reaction was carried out Ij 
reaction conditions end obtained results are shown in Ti 
ethylbenzens was low. 



:|jb!&ame manner as described in Example 1. The 
ft ^yity of convertin£i ethylbenzene was low and the 
large. 



Comparative Example 6 

A molded body was prapared by kneading 100 part: 
an SiCVAIiOa molar ratio of 4B.4» which was prepared f 
300 parts by we%ht of powdery y-alumina and 60 parts 
mslon-moidmg the Icneaded mtxtuns to a ste of 14 to 24 
far 2 hours. The moided body was subjected to a one-timj 
ammonium ehlorido and ealoum chloride In amounts of 1; 
per 1 00 parts by weight of the zeolite (soUd-llquid ratio o^ 
dried at 120^ for IS hours, and immersed In an aqueou 
of 0.1% by weight as the platinum atom based on the ci 
4 hours). After draining, the impregnated molded body 
550*^Qfor2 houra to obtain a catalyst | contsining platfnui 
was carried out in the same manner as dascrit>^ in Exarj 
in Table 1. 



ijin the same manner as describad in EacamplB 2 
[jpi 940 parts by weight 

I same mannor as described in Example 1. The 
I As shown In Table 1, the activity of converting 



l}|Lolght of a powdary pentasi type zeolite having 
ih |f same manner as dasonbed in Example 2, with 
ajght as AlzOa of alumina sdl as the binder, axt« 
uland catclnlng the molded mixture in air ^ SO0*C 
jexchange using an aqueous solution oontainlna 
Ipyfl^ by weight and 5 parts by weight, respectively. 
C ijlcg. about 90«p), washed thoroughly with water. 
i< I MUon containing chloroplatinic acid In an amount 
!] ' }^ (solid-liquid ratio of 1^ ^/g, room tempeFatur&. 
iHad at 120^C for 15 hours and catcined In air at 
:pad of rhenium. Using this catalyst 1. the reaction 
1 , The reaction conditions and results are shown 
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Example 4 



According to the teaching of U.S. Patent No. 4«s 
SIOa/AlzOa molar ratio of 40.5 was aynthea ted from an gqi 
alumlnate, sodium hydroxWe, tartaric acid, and water. 17] 
zaollto was kneaded togetlier with 300 parts by weight o| 
of alumina as the binder, and tha kneaded mixture 
calcined In air at Q0O°C for 2 hour&. The molded body 
aqueoue salution contaJnlng 1.3% by weight of ammo niu] 
washed lhoix>t:ghly with water, dried ett 120*C for 15 hoi 
rhanlum oxide (VII) m an amount of 2.3 parts as the diei 
lld-llquid ratio of 1,2 &g, room temperature. 4 hours) 
at 12D°C for 15 hours, subjected to sulRdlng In a hydrogi 
tnalrat550*Cfar2hoursta obtain a catalyst J containing 
J cofitalned 2J3 parts by waight of rtianlumand 360 pai 
zeolite. 

The process for the production of p-xylene, as Itlusi 
thastap ofhydrode^ethylating dlhylbenzene with l!ie cata 
Iat9d movirtg t>ed method using a zeolite type adsorbent 
catalyst The oondrtbns adapted for tha rsGpactlve step: 

(1) Hydrodeethylation of Ethylbenzena 



Catalyst: 
WHSV: 

Temperature : 
Pressure : 
Startino vnatarN : 



J 

3.5 hr-» 
5 mole/mole 
450^C 
d kg/cm^G 

1.03%of tduena, 16.70% of eth| 
tic hydrocarkjons 



(2) Separation of p*-Xyiena 

Method : 
Adsorbent ; 
Desorbent : 

Purity of p-xyfane product : 

(3} iGomertzation of X^Bne 

Method : 
Catalyst : 

pX/Xy* after tsomertzatlon ; 
Conversion"* of athylbanzana : 



liquid phase simulati 
K-exchanged Y type ; 
p-dlethytbanzene 
99.4% 



fixed t>ed gas phase j 
Re-mordanite type z 
23.0% 
50 to 65% 
pX/Xy - {p-xy1a]ie/(p-|| 
Conversion of ethylba 
teriat to be Isomerlzed 
tlon prcducO/ethyfb^ 
isomerlzed^x 1Q0 



The starting Co aromatic hydrocartxan mbdure was ] 
benzene and then fed to the separ^tton-isomerizatknn i 
the p-xylene separator, the ethylbenzene conceob^tion > 
the xylene-isomeri2ing reactor, tha xylene concentretlon]| 
(ration was O.Q3% by weight 

p-Xylene was prepared In the same manner as ddec| 
ethylbenzane was omittad. In the liquid introduced Into tha 
was a2% by weighty and In the liquid fntroduced Into the| 



j£j47, a powdery pentasil type zeolite having an 
\ I m mixture comprising hydrous sllldo add, sodium 
^0 parts by weight of this powdery penlasi type 
dery y-alumlna and 60 parts by weight as AlaO^ 
;sion-4Tiolded to a size of 14 to 24 mesh and 
Isubjccted to a one-time ton exchange using an 
loride (solid-liquid ratio of 2.0 0kg, abotit 90°C), 
nd Innmersed in ark aqueous solution fxantalning 
atom per 1 00 parts by weight of the zeolite (so- 
aining, the Impregnated molded body wee dried 
iinde current at 250*<: for 2 hours, and caldned 
lum and the acid type pentasi zeolite. The zeolite 
li jwelght of alumina par 100 parts by weight of the 

i 

i I in tha drawings, was constructed by combining 
li I with the step of separating p-xylene by the slmu- 
^e step of isomerlzing xylene with a zeolite type 
IS \& as follows. 



ii n^ne, 82.25% of xylene and 0.02% of Cg aiom»- 



t pving bed method 



jatlon raactron method 
pentasD type zeolite 



ne + m - xylene o-xylenel x 100 
■ no = [{ethylbenzene concentration in starting ma- 
[ thylbenzene concentration in isomerization reao 
e conoentraflon In starting material to be 



td through the step of hydrodeethylation of ethyl- 
to prepare p-xylene. In the liquid introduced Into 
L07% by weight, end in the liquid introduced Into 
22.6% by weight and the ethylbenzene concan- 



I h above except that Ihe step of hydrcdeethytatlng 
kylene separator, tha ethylbenzene concentration 
ne-Isomeriz(ng reactor, the a^ene ooneentmtion 
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20,6% by weight and tha ethylb^nzeod concentrat; 

When the fbrmer process of the present Invention 41 
respect to the energy consumption required far the se(|| 
of tha anergy consumption required in the farmer proi 

The present Invention provides a process for convjl 
tsenzene can be Increased with a reduced loes of xyter 
of ethylbenzene, whZch haa activity for converting ethyl! 
Ing ethylbenzene arxl xylene to benzene end has a re! 
Invention, the ethylbenzerte concentration In a liquid cj 
reduced at a low coat on an Industrial scale ; the energ; 
cycle can be reduced whie reducing the ethylbenzen 
laomerlzatian cyde lo substantially zero. 



IS Claime 



1. A pnocess for the convereion of ethylbenzene In] 
contacting a Cq aromatic hydrocarbon mixture contalnli 
with a catalyst comprfalng 0.6 to 20.0 parts by weight o\ 
tiauing a main cavity inlet coniposed of a 10-membered 
said catalyst having been subjected to a sulflding treatm 



2. A process according to da fm 1 , wherein the eulfld 
at a temperature of 100 to 4S0^C. 

3,. A piDcess according to daim 1 or 2 wherein the s 
supported on the catalyst 

4. A prooesa according to any preceding claim whe 
a lO-membered oxygen ring is a pentasti type zeolite. 

5. A process according to eny preceding claim whe 
a 10-membered oxygen ring haa an Si^AI^Os molar rjj 

6» A process according to any preceding dalm wh< 
temperature of 350 to 46Q^C» a pressure of 3 to 20 kgl 
of from 1 to 10 and a weight apace velocity of 2 to 20 h 

7. A proceed according to any preceding dalm whii 
benzene, feeding the obtained Ca aromatic hydrocarboi 
separating step and a xyiene-isomedzlng etep. 

8. An ethylbenzene conversion catalyst comprtein 
weight of an acjd type of zeolite having a main cavity lr^| 
to 900 parta by weight of aluminap said catalyst having 



PatentanspruchB 

1. Vertehren ZLtr UmwancQung von Ethytbenzd In 
den Koncaktderaromati^en Cs-Kohlenwasseratnffml 
von Waaserstoff mit einem Katalysator umfallt, der 0»| 
eines Zeoliths vom sauren Typ» bai dam der wichtigste 
aufgebaut 1st. und 100 bte 900 GewichtstBlle Alumlnlu 
rungsbehandlung untaizogen wurde, um die Hydrodeej 

2. Verfiahren nach Anspruch 1 , worin die Sutfldlerui 
in eInem Schwefelwasserstoffstrom duchgefQhrt wird. 

3. Verfahren nach Anspruch 1 Oder 2, worin die Su! 
dem Katalysaior Rhenium aufgelagert wurde. 

4. Verfahren nach einem dervorstehenden AnsprQ 
meMaa aus einam lO-gHedrigen Sauerstoflnng aufgeb] 

5. Verfahren nach einem dervorstehenden Anspru 
meinlali aus einem 10-glledrlgen SauerstofTring aufgebi 
auftweist 

10 



a 10^% by weight. 

mpared with the latter comparative prooeae with 
|on-lsomerlzatlDn cycle. It was found that the ratio 
that in the latter process was 0.8. 
g ethylbenzene, in which the conversion of ethyl- 
also provides a catalyst for the hydrodeethylatlon 
la In a C$ aromatic hydrocarbon mixture contain* 
sd loss of xylene by side reaction. By the present 
ated In the separationHsomenzatlon cyde can be 
sumption required at tha separadon-lsomeTizatlon 
I centratlon in a liquid circulated In the separatlon- 



5 aromatic hydrocarbon mixture, which comprises 
yl benzene and xytene in the presence of hydrogen 
ilum. 100 parts by weight of an acid type of zeolite 
en ring,and 1 DO to soo parts by weight Of alumrna* 
0 effect hydnodeethylation of ethylbenzene to ben- 

eatment ts carried out in a hydrogen sulfide cunvnt 

Ing treatment Is canried out after rhenium has been 

the zeolite having a main cavity Inlet compoaed of 

the zeolite having a main cavity Inlet composed of 

3f at least 35. 

the hydrodaethylatlon reaction is carried out at a 
a hydrogen/Co aromatic hydrocartm molar ratio 

ler comprises, after the hydrodeethytatlon of ethyl- 
;ure to a drculation system comprising a p-xylene- 

to 20.0 parts by weight of rhenium, 100 parts by 
jllllom posed of a 1 0-membened oxygen dng,and 100 
n subjected to a sulfding treatment. 



aromatlsche Ca-^ohienwasser s tof fm ischung, das 
g. die Ethylbenzot und Xyloi enihait, in Gegenwart 
20,0 GewlchtstaSe Rhenium, 100 GewichtsteOe 
fijl^umBinlaR aus einem lO-glfedrigen sauersjtoifiing 
umfal^t, wobei dieser Katalysator.etner6ulifidi&* 
rung des Ethylbenzols in Benzol durchzufuhren^ 
handlung bet einerTemperaturvon 100 bis 450^0 



1] 
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6. VerFahren nach elriem dar voratehenden Anspriii 
TBrnperatur von 350 bis 4flO'C, elnem DmcK von 3 bis 
matischem Cs-Kohtenwasserstoff von 1 bi? 10 und eim 
durchgefflhrt wird. 

7. Veifahren nach einem dor voretahanden AnaprOi 
Ethyl benzols die Zufuhr der ertialtanen aromati^chen 
system umfaBt, das ^ffien Schfitt zur Abtrennung von pj 
umfafiL 

B. Katalyeatorzur Umwandlung von Ethylbertzol, di 
tele Dines Zeollths vom sauren Typ, bej dem der wichtl^ 
stoffMng au^ebaut iat und 100 bis 900 Gwicbtstelle Ajp 
Sutfidierungabdhandlung unterzoQen vvurde. 



Rovsndfcatlons 

1. ProoddA de convera!on de r^thylbenz&ne dans 
consistB ft mattre un melange d*hydracarbura& an»matiq| 
en pr^snce d'hydrogdne, en contactaveo un catalyeeur | 
100 parties en polds d'une ztoUte de type adde ayant u 
d^catomiquB, et da 100 d 900 partial en poida tfalumfn^ 
eurftiratlon, pour rdaliser rhydrod6s6lhytation da r6lhylb 

2. Proc^e s^on [a ri^ vend lea tion 1. dana lequel le 
de auifure d'hydros^ne ^ una temperature da 100 d 450 

3. Pracdd4 aelon i'une da& ravendloaUone 1 ou 2, 
aprda ddpOt du rhenium sur la catalyseur 

4. Proc6dd salon Tuna quaEoonqua des revandicatli^ 
de cavit6 prina'pale form6 d'un cycle oxygAn6 dficatDmf 

5. Procddd aaion Tune queiconqua das revendlcatii 
de cavltd prlncjpaJe formS d'un cycle oxygdne ddcatomtq 
35. 

6. Proc6d6 selon l*une qualconqua das ravandicattd 
rSalis^e d una temp^ratum da 350 ^ 4S0''O, sous una pre] 
g^na/hydrocarbures aromatiquae en Ca valant 1 ; 1Q at 
fr\ 

7. Procdd^ salon Tuna qualconque des revendlcatii 
d6s^ytation de r^thylbenzdna, & anvoyer le mdlange 
dreulatfon conrtpranant una Stape de separation du p-: 

8. Catalyseur da conversion de t'^mylbanz^na, com] 
parties en paids d'une zSoIIta de type acrde ayant un orlfli 
tomique, at da 100 d 900 parties en polda d'alumlne. lec 
furatlon. 



11 



i 

Lvorin die HydrDdaethyllerungsreakdan bei ainer 
ilj/cm^ elnem Molvorhaitnte von VVaasarstoWano- 
if 1 >wfcht3-Raum-GaschwIndIgkBit von 2 bis 20 h-'' 

las auRerdem nach der Hydnidaethylierung des 
iilenwasaeratoffmlschung zu einem Zlrlcujatlons- 
A di und einan Schrltt zur Isomerlsierung von Xylol 

bis 20.0 Gawlchtstaite Rhenium, 100 Gewlcht&- 
it4|HQhiraumeinla& aus elnem 1D-^]iedn'gan Sauer-- 
I kimoxid umfaBt, wabei dieaar Katalysator elnar 



flange d'hydrocsrburas aiomaUques en Ca. qui 
)f| Ibn Cft, rmfiermant de I'Sthylbanzdna at du xyl&ne 
^'^ranant de 0,8 ^20,0 parlias an polds de rhdnium. 

ca de cavltd princlpala form^ d'un cyda oo^g6nd 
^ ( It catalyseur ayant dtd soumis h un traltament de 
me en banzdna. 

I sment da aulfuratlon eat rdallad dana un courant 



PI 



dcddentes, dans Jequel ia zeolite ayant un orfRca 
id I sat una zeolite da type pentasd. 
j I r^c^dantes, dana laquel la zeolite ayant un ortflce 
rdsanta un rapport molatre SiO^/AlzOa d'au molns 

; rdcddentesf dana laquel fhydrodas^thytation eat 
,(< 1 p da 3 a 20 kg/cmz, avao un rapport molaira hydr<y- 
4 ^Uoss© spatlalo en polda da pr6f6renc3e da 2 & 20 

y I rdcddantea, qui- conslste en outre, aprda rhydro- 
I / itrocarbures en Cq r^ultant dans un syat&ma an 

et una ^tapo cDsom^nsatbn du xytdne. 
I'^lint da 0.6 ^ 20,0 parties en pokfa da rt)6nlum, 100 
I c I k cavit6 prf ndpale torm$ d'un cycle oxyg^nd d(Sca- 
9 talysaur ayant 6t6 soumis h un traltament de sul- 



lequel ladit traltament de autfuralfon oat rfialis^ 
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